Purpose: Angiogenesis is essential for tumor growth or metastasis. Avastin is a monoclonal antibody that is used in treating angiogenesis. We labelled this monoclonal antibody with samarium153 and performed in vitro quality control tests as a first step in the production of a new radiopharmaceutical.
cytotoxicity of the radionuclide is less dependent than chemotherapeutic agents on cellular expression of discrete biochemical targets. In particular, suitable gamma energy enables us to track targeting agent both in vitro and in vivo [11, 12] .
An ideal therapeutic radionuclide would be a β-emitter with suitable gamma energy enabling a simultaneous track of the labeled compound. 153 Sm is an ideal radionuclide for the imaging and therapy of tumors due to its favorable decay characteristics. 153 Sm is a radiolanthanide with a β-emission similar to 131 I but with two advantages over it. The main γ-photons of 153 Sm (208 KeV, 11% abundance) are more suitable for imaging with a gamma camera than those of 131 I (364 KeV, 82% abundance) without additional radiation dose that would comprise normal tissues. Furthermore 153 Sm does not need special design of residualization. Due to its physical characteristics, 153 Sm is being increasingly used in therapeutic research studies [15, 16] .
In this study, we describe the optimal conditions for labeling of anti-VEGF mAb with 153 Sm using DOTA-NHS and investigate its in vitro and in vivo behaviors. We expect that this optimal procedure for radiolabeling of biomolecule is applicable to develop the novel radiolabeled peptides or angiogenesis inhibitors for targeted therapy.
2-Materials and Methods

2-1-Materials
Bevasezomab antibody purchased from Merck , Lotus and Samarium oxides were purchased from Trace.The DOTA-NHS Shotut was purchased from Macrocyclic Company Chlorideic Acid, Nitric Acid, Methanol, Ethanol, NaCl, NH3OH, Chloroform, DMSO, Acetic Acid, EDTA, Ammonium Acetate, Sodium Acetate and PBS from Mercury were purchased. Copper sulfate, Na2CO3, Na2HCO3, MTT, Trypsin, Xylasin and Ketamin, (Arsenazo (III and Cu (III) from Sigma. Sephodox G25 and G50 purchased from Pharmacy. SW480 cell lines and Balb /C mice purchased from the Institute Pasteur of Iran.
2-2-Preparation of Conjugated Avastin
DOTA-NHS (at a molar ratio of 50) was dissolved in 0.5 ml bicarbonate buffer. Avastin solution((5 mg, 0.5 ml)) in a bicarbonate buffer was added slowly to a DOTA-NHS solution and slowly mixed at room temperature for 24 hours. The conjugation reaction was completed by adding 0.25 M ammonium acetate, pH 5.5. The conjugate was then washed with the same buffer in an ultrafilter column. Filtration and washing were continued until the optical density of the filtered solution was close to zero while the filtrate was monitored by biophotometer at 280 nm and immunoconjugate was storaged at 4˚C.
2-3-Determine the Mean Molar Ratio of Chelator to Antibody
A spectrophotometric method was used to determine the number of chelating groups for each antibody. titration of the Cu (II)-Arsenazo (III) complex according to the method described by Pippin et al [17] .
2-4-Radiolabeling of Avastin
In two separate glass vials, 3.7MBq/ml of 153 Sm in a volume of 10 to 20 μl in 0.2μm HCl was added to 0.5 ml of ammonium acetate buffer, then the conjugated avastin-NHS-DOTA was added and mixed slowly in 43˚C for 1 hour. The avastin-DOTA-153 Sm complex was purified by PD-10 desalting Columns contain Sephadex G-25 resin.
2-5-Qualitative Control Tests
2-5-1-Radiochemical Purity
The labeling efficiency was evaluated using thin layer chromatography (TLC) utilizing WattMan No. 1 tapes and 10mM EDTA: (v/v) as solvent.
2-5-2-The Stability of Bevasezomab Labelledwith 153 Sm
The samples contain 1ml of human serum were prepared. An aliquot of 25μl of the 153 Sm-DOTA-avastin complex (100μci; 100μg avastin) was added into each of the samples and incubated in 37. Stability of samples at 0, 24, 48, 72 and 96 hour of incubation was determined using TLC. In order to verify the stability of the complex in various conditions including 4˚C temperature, room temperature and phosphate buffer, a method similar to that of the serum stability was used.
2-5-3-Integrity of Radioimonoconjugate
The probability of occurrence of structural changes in avastin due to labeling with samarium radioisotope, was investigated using SDS-PAGE technique.
2-5-4-Immunoreactive Determination
By doing this, we will make sure of any changes in the likelihood of antibody binding to the antigen. during the labeling process. Also, we determine the Antibody-Antigen binding feature. Cell binding was assessed by according to the method of Lindmo [].
2-5-5-Cell Growth Assay Using MTT
The basis of this experiment is the formation of a colored complex of living cells (due to mitochondrial dehydrogenase enzyme) with MTT. For performing the experiment, 0.4 × 10 4 cells/well in 96-well plates were seeded to each 96-well plates containing 200μl of the culture medium. On the next day, the complex and controls treatment was performed according to the protocol. Treated and control cells were incubated in 5% CO2 at 37°C for 4 days and MTT assay was done in every day. For MTT assay, 10μl of solution of MTT (5 mg /ml of PBS) was added to each well and incubated for 4h at 37° C. The plate was then removed from the incubator and the cells medium was removed. The Formosan crystals were dissolved in the wells by adding 200μl of DMSO (dimethyl sulfoxide, sigma) and incobated for 15 minutes. The created color change was read at 570 nm. To evaluate the cytotoxic effects of avastin-DOTA- 153 Sm, four groups of cells were considered for each assay: group1, which did not receive any treatment; group 2 were that received free 153 Sm isotope; group3, which treated only with avastin and group4 of cells that treated with avastin-DOTA-153 Sm complex.
2-5-6-Stability and Biodistribution Studies of Avastin-DOTA-153Sm in Normal Mice
In order to evaluate the normal distribution of the product, a volume (0.1 mL) of final 153 Sm -DOTA-avastin or 153 SmCl3 solution containing 3.7 MBq 153 Sm was injected into a series of normal rats through a tail vein. The mice were anesthetized at 2, 24, 48, and 72 hours after treatment and blood samples were taken. Then, different tissues were separated and the radioactivity percentage of injected per gram of tissue (%ID / g) was measured using HPGe system.
3-Results and Discussion
3-1-Average Number of Chelates per Antibody
On an average, 1.1-1.7 DOTA analogues were conjugated to avastin and the conjugation reactions took place at 20:1 for NHS-DOTA to avastin.
3-2-Radiochemical Purity
The relative counts recorded from the different segments of the chromatographic papers against the distance from the bottom of the papers are shown in Fig.1 the highest activity is seen in the first segments showing high radiochemical purity. As can be seen, the radiochemical purity of the complex was 99±0.9% at 1 h and pH of 5.5 (Figure 1 ). 
3-3-The Stability of Complex in Various Condition
The stability of labelled antibody was evaluated by instant thin layer chromatography at 4°C, room temperature, in the phosphate buffer and incubation in human plasma at 37°C for different times. Fig2 shows that 153 Sm-DOTA-avastin remains stable at these temperatures and the radiochemical purity were higher than 96% for more than 120hours of storage. Also the complex showed greater stability up to 120h in human plasma (78±2%) (Figure 2) . 
3-4-Integrity
The samples were analyzed by SDS-PAGE. As shown in 
3-4-Immunoreactivity
3-5-Effect of 153 Sm-DOTA-Avastin on Cell Proliferation
The cytotoxicity of the complex on the SW480 cell line is shown in Figure 5A -C. Growth inhibition was time and dose dependent. The proliferation of cells treated with 153 Sm-DOTA-avastin were inhibited notably compared with control cell groups, and the significant inhibition was 77 ± 3% (p < 0.05) on the thirday. However, the cytotoxicity of 153 Sm (hot) and avastin alone at equal concentrations of the complex on SW480 cells were 27% and 4% respectively. 
3-6-Biodistribiotion Studies
The distribution of 153 SmCl3 and 153 Sm-DOTA-avastin was determined among the tissues for normal rats. Figure 6A shows the biological distribution of 153 SmCl3 in wild-type mice. The highest uptakes were observed in the bone and liver. The contrast of the liver, the high uptakes rate in the bone remains almost constant for 48 hours. Other organs did not significant uptake. In the same way, the distribution of 153 Sm-DOTA-avastin in mice was tested. High uptake is observed in the lungs, spleen, heart and blood organs ( Figure 6B ). Angiogenesis is a common feather of all metastatic tumors, and the development of antiangiogenic strategies aimed at halting cancer progression by inhibiting the growth of the new blood vessels is a major area of interest in clinical oncology [2-5].
Targeted and biological therapies have been investigated as the methods of improving anticancer therapy for many years. Such agents have several general characteristics that make them attractive options as anticancer drugs, but the most important one is the potential to improve the diagnostic outcomes with limited toxicity [18] . Several agents have been approved for the treatment of cancer as a result of this approach, the most notably of which are trastuzumab (Herceptin) for the treatment of human epidermal growth factor receptor-2 (HER2)-positive metastatic breast cancer and rituximab (MabThera) for the treatment of non-Hodgkin's lymphoma [19, 20] . One approach that was postulated as early as 1971 is the targeted therapy that can inhibit tumor angiogenesis, which has a critical role in the development of cancer [27] . The humanized monoclonal antibody bevacizumab, directed against vascular endothelial growth factor (VEGF), is the first and currently the only anti-angiogenic agent to be approved for cancer therapy [1]. Approval of bevacizumab was based on the results of several crucial phase II and III studies in patients with previously untreated metastatic CRC [6] . The antibody is currently scrutinized in at least 11 clinical case studies (Phase I-III) for various cancers as per information available from the dedicated avastin website. It has shown promise albeit to some extent in breast and small cell renal carcinoma but the outlook is hardly promising in prostate cancer [3-5, 10]. Bevacizumab is being used in combination with different chemotherapy drugs for the treatment of prostate cancer in various phases such as Phase II/Phase III of clinical case studies. It suggests that bevacizumab and chemotherapy in combination are possibly showing promise with respect to prostate cancer although the results of these trials are not expected in the near future. None of the experiments, however, involves the combination of bevacizumab with targeted radionuclide therapy.
4-Conclusion
In the present study we reported production a new radiopharmaceutical for specific targeted therapy. The 153 SmCl3 produced in the research reactor according to the regular methods. For labeling, firstly, avastin was purified, desalted and conjugated with DOTA-NHS. The chromatographic profile of the conjugated antibody was high and easy to accomplish through ascending paper chromatography (Whatman nº1) and Instant Thin Layer Chromatographic (ITLC-SG). To improve the labeling efficiency, a wide range of antibody/DOTA-NHS ratios were studied. According to Pippin et.al [15] , the method to determine the number of chelating groups per mAb described produces the precise numbers of chelating that had really attached to the antibody molecule during this experiment were between the ratios of 1.1-1.7. This can explain excellent successful optimization conditions such as buffer type selection, antibody purification and other agents that effect on the conjugation. Also the conjugated antibody derived in the molar ratio of 1:20 presented higher radiochemical purity than those derived with higher molar ratios when radiolabel immediately after purification.
After conjugation, DOTA-avastin solutions were mixed with 153 SmCl3 solution and incubated in various buffers and at different temperatures to find the best time and condition scales for labeling. After an hour of radioconjugate incubation at 43˚C in the bicarbonate buffer (0.25 Mm, pH 9.2), total labeling and formulation of 153 Sm-DOTA-avastin took about 1.5 h by means of PD10 columns with a yield of 95% and radiochemical purity of 99% in optimized condition.
The derived immunoconjugates stored for 4 day under different conditions showed good radiochemical purity results, which might indicate that no free radiometal was detected. These conditions were favorable for the derived immunoconjugates storage. Thus DOTA-avastin is capable of stably chelating 153 Sm, which is mandatory for using 153 Sm radiolabelled avastin for therapy in patients with high expression of VEGF including all of the cancers.
The biodistribution of radiometal labelledbevacezumab has already been shown by 89 Zr or 111 In [14] . In our study, the uptakes of the 153 SmCl3, morever, were observed in the bone and liver for its delivery and the possible route of accumulation and high penetration efficiency respectively. Also the liver uptake of the cation is comparable to many other radio-metals mimicking ferric cation accumulation. The Lung, muscle and skin do not demonstrate a significant uptake that is in the accordance with other cations accumulation. In contrast, high uptake of 153 Sm-DOTA-avsatin was observed in blood, the spleen, lungs and heart, especially at 24 and 48h time-points. These organs normally have very good tissue perfusion and a significant blood volume. By taking into consideration the high levels of radiotracer measured in blood we can infer that blood pooling effects are responsible for the levels of radioactivity measured in these tissues. Conversely, the reduced tissue blood volume may explain the low uptake of radiotracer into the bone. Results indicated that 153 Sm-DOTA-avastin is more stable in vivo. [5] Rüegg, Curzio, Meriem Hasmim, Ferdy J. Lejeune, and Gian Carlo Alghisi. "Antiangiogenic Peptides and Proteins: From
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